Background We sought to evaluate the interobserver and intraobserver reliability of radiographs and magnetic resonance imaging (MRI) for grading of osteoarthritis in patients with scapholunate advanced collapse (SLAC) and scaphoid nonunion advanced collapse (SNAC), and to determine whether MRI is more likely than radiographs to detect carpal osteoarthritis. Methods Radiographs and MR studies of 46 patients with SLAC and SNAC arthritis were reviewed by two hand surgeons and two radiologists and were graded according to severity of osteoarthritis at seven carpal joints. Interobserver and intraobserver reliability was assessed using a weighted kappa analysis. Odds ratios were calculated to compare the likelihood of MRI versus radiographs in the determination of moderate or severe osteoarthritis. Results Measures of reliability were higher for MRI than radiographs. For radiographic assessment of all patients combined, interobserver agreement was moderate and intraobserver agreement was also moderate. For MRI, interobserver agreement was substantial and intraobserver agreement was almost perfect. In all joints combined for patients with SLAC and SNAC, MRI was 2.42 times more likely to demonstrate moderate osteoarthritis compared with radiographs. In patients with SLAC, MRI was 11.73 times more likely than radiographs to show moderate osteoarthritis at the radiolunate joint. In patients with SNAC, there was no difference in demonstration of moderate osteoarthritis on MRI compared with radiographs. Conclusion Carpal osteoarthritis can be more reliably assessed on MRI than radiographs. MRI is more sensitive at demonstrating moderate changes of osteoarthritis than radiographs, especially at the radiolunate joint in patients with SLAC arthritis. This has implications for surgical management of SLAC/SNAC arthritis and preoperative planning. MRI should be included in the diagnostic workup and evaluation of patients with SLAC and SNAC arthritis. Level of Evidence Diagnostic III.
Scapholunate advanced collapse (SLAC) is one of the more common forms of arthritis of the wrist and follows a predictable pattern of joint degeneration initiated by complete rupture of the scapholunate interosseous ligament.
1 A similar pattern was subsequently identified in patients with chronic scaphoid nonunion, termed scaphoid nonunion advanced collapse (SNAC). 2 Less common causes of wrist osteoarthritis (OA) include distal radius malunion, avascular necrosis of the scaphoid or lunate, Kienbock disease, and crystalline arthropathy.
3,4
Nonsurgical treatment for SLAC and SNAC arthritis includes lifestyle modification, nonsteroidal anti-inflammatory medications, splints and casts, and intra-articular corticosteroid injections for symptomatic relief. Surgical treatment of SLAC or SNAC arthritis includes neurectomy, radial styloidectomy, four-corner arthrodesis, proximal row carpectomy (PRC), radiocarpal arthrodesis, or wrist arthoplasty. [5] [6] [7] Fourcorner arthrodesis, radiocarpal arthrodesis, and wrist arthroplasty are salvage procedures that can be considered when other treatment modalities fail. Radial styloidectomy, with or without denervation, can be performed in patients with early arthritis limited to the radial styloid. PRC involves excision of the scaphoid, lunate, and triquetrum. Following the procedure, the capitate articulates with the lunate fossa of the radius. A major complication is subsequent development of radiocapitate OA. Chondral loss at the capitate head articular surface is the main contraindication to PRC, although the degree of chondral preservation required for a successful procedure is debated. 8, 9 Four-corner arthrodesis involves excision of the scaphoid and intercarpal arthrodesis of the capitate, lunate, hamate, and triquetrum. Typically, autologous bone graft is used in conjunction with internal fixation. The procedure is more likely to succeed when the radiolunate articular surface is pristine. The decision to perform PRC or four-corner fusion depends on the status of the capitate and lunate articular surface. Total wrist arthrodesis may be elected if both the capitolunate and radiolunate joints are compromised. Traditionally, preoperative radiographs have been used to determine the likelihood of capitolunate and radiolunate OA when deciding between the various surgical alternatives.
Radiographic evaluation relies on detection of joint space narrowing and the secondary osseous changes of subchondral sclerosis and osteophyte formation. Magnetic resonance imaging (MRI) has been shown to be reliable in evaluation of chondral defects in large joints such as the knee and hip when compared with arthroscopy as the gold standard. [10] [11] [12] In addition to evaluation of ligaments, synovium, and bone marrow, the assessment of cartilage thickness and chondral defects on MRI is useful in the preoperative evaluation and surgical planning. The purpose of this study was to, first, evaluate the interobserver and intraobserver reliability of radiographs and MRI for grading of OA in patients with SLAC and SNAC and, second, to determine whether MRI is more likely than radiographs to detect carpal OA in these patients. We hypothesized that MRI is at least as reliable as radiographs in evaluation of carpal OA and is more likely to demonstrate moderate arthritis compared with radiographs.
Methods
This retrospective study was approved by the Institutional Review Board. Patients over the age of 18 who had wrist radiographs and MRI from 2007 to 2014 at our institution with a diagnosis of SLAC or SNAC arthritis were included in the study. The patients were identified from a database containing reports of all MRI examinations performed at our institution. A search of MRI reports was made for the terms "SLAC," "scapholunate advanced collapse," "SNAC," or "scaphoid non-union advanced collapse," combined with a search of the study type "MRI wrist." Patients who did not have posteroanterior (PA), lateral, and oblique radiographs of the ipsilateral wrist were excluded. Patients who had a known diagnosis of inflammatory arthritis or crystalline arthropathy were excluded.
A total of 23 patients with SLAC arthritis and 23 patients with SNAC arthritis met the inclusion criteria. Overall, the mean age was 50 years (range: 17-75), with 34 (74%) males and 12 (26%) females. Of them, 25 (54%) right hands included, and average time between radiograph and MRI was 44 days (range: 0-444). Patient demographics are given in ►Table 1. The wrist radiographs were evaluated by two boardcertified hand surgeons independently, blinded to the MRI findings. Each surgeon read the radiographs twice, at least 3 weeks apart. The distal radioscaphoid, proximal radioscaphoid, capitolunate, radiolunate, scaphotrapeziotrapezoidal (STT), and hamatotriquetral joints were evaluated on PA, oblique, and lateral radiographs for joint space narrowing, osteophytes, subchondral sclerosis, and cysts on radiographs. Each joint was graded according to a modified KellgrenLawrence scale 13 for OA as follows: grade 1, no evidence of OA; grade 2, minimal OA with definite osteophytes or joint space narrowing; grade 3, moderate OA with multiple osteophytes, definite joint space narrowing, some sclerosis, and possible changes in bone contour; grade 4, severe OA with large osteophytes, marked narrowing of joint space, severe sclerosis, and definite deformity in bone contour. For patients with SNAC, the location of the fracture was documented as being in the distal, middle (waist), or proximal scaphoid. All patients were scanned using the standardized protocol for MRI of the wrist at our institution. MRI was performed on either a 1. The MR studies were interpreted by two musculoskeletal radiologists independently, blinded to the radiograph findings. One radiologist read the MRI studies a second time, 2 months later. The distal radioscaphoid, proximal radioscaphoid, capitolunate, radiolunate, scaphocapitate, STT, pisotriquetral, and hamatotriquetral joints were assessed using the coronal, axial, and sagittal fast spin-echo images. For each joint component, a cartilage score was assigned based on the most advanced chondral lesion detected. The following grading system was used: grade 1, normal; grade 2, mild chondral wear (<50% of the cartilage thickness); grade 3, deep chondral wear (>50% of the thickness of cartilage) up to full thickness chondral loss involving less than 25% of the articular surface; grade 4, full thickness chondral loss involving greater than 25% of the articular surface.
Weighted Cohen's kappa (k w ) analysis was performed to assess the interobserver and intraobserver reliability for radiographs, and the interobserver reliability for MRI. The interpretation of the kappa value was as follows-0.00 to 0.20: slight; 0.21 to 0.40: fair; 0.41 to 0.60: moderate; 0.61 to 0.80: substantial; and 0.81 to 1.00: almost perfect agreement.
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Odds ratios were performed to compare the likelihood of radiograph or MRI classifying a joint as moderately osteoarthritic (based on grade 3 on radiograph or MRI). The first reads of the senior surgeon and senior radiologist were used for the odds-ratio analysis.
Results
Interobserver and intraobserver reliability were higher for MRI than radiographs. For all patients combined, interobserver and intraobserver agreement were 0.54 to 0.56 and 0.50 to 0.63, respectively, for radiographs, and 0.75 and 0.81, respectively, for MRI. Measures of agreement were generally higher for SNAC compared with SLAC. For SLAC, interobserver and intraobserver agreement were 0.34 to 0.52 and 0.50 to 0.63, respectively, for radiographs, and 0.62 and 0.67, respectively, for MRI. For SNAC, interobserver and intraobserver agreement were 0.57 to 0.66 and 0.54 to 0.60, respectively, for radiographs, and 0.76 and 0.83, respectively, for MRI. These kappa values are summarized in ►Tables 2 and 3. 
Discussion
Preoperative assessment of carpal OA has been traditionally performed with radiographs by evaluating the secondary osseous changes of OA. Conversely, MRI allows assessment of articular cartilage, which may help guide preoperative planning. Although MRI was not more likely than radiographs to demonstrate arthritic changes at the capitolunate joint in our study, its sensitivity in better demonstrating radiolunate wear may influence the decision to perform four corner arthrodesis or total arthrodesis. These procedures differ greatly in functional outcome, and providing an accurate expectation to patients of postoperative ability to return to former active daily lifestyles warrants preoperative discussion and consent. Evaluation of OA of the wrist on MRI is challenging as the hyaline cartilage is thin. A study of patients with lunate chondromalacia showed MRI had a sensitivity of 77% and specificity of 86% for the detection of lunate chondral defects with arthroscopy as the gold standard. 15 A cadaveric study demonstrated MRI had sensitivity of 52% and specificity of 83% for the detection of moderate chondral defects in the proximal and distal carpal row. 16 The lower sensitivities reported in the cadaveric study may be due to the limited MRI sequences, as only coronal sequences were acquired instead of three plane MRI sequences. A few studies have reported variable interobserver reliability for evaluation of OA in SLAC and SNAC patients. One study showed moderate interobserver and substantial intraobserver reliability for SLAC, with kappa of 0.59 and 0.65, respectively.
17 For SNAC measures of reliability were lower with slight interobserver and fair moderate interobserver agreement (kappa: 0.20 and 0.29, respectively). 17 Another study demonstrated low interobserver agreement with kappa < 0.5 among five different readers, with the level of agreement being unrelated to the level of expertise of the reader. 18 The authors suggested that a more reliable method than radiographic staging is required to assess OA in these patients when planning treatment. Our study differed in that we assessed measures of reliability for individual joints rather than for the SLAC or SNAC stage.
Although there are few studies reporting the interobserver reliability of MRI for evaluation of wrist cartilage in OA, the use of MRI to assess chondral thickness in rheumatoid arthritis (RA) has been reported. One study of 22 patients with RA and 22 controls reported high reliability with interobserver and intraobserver intraclass correlations of 0.91 and 0.94, respectively, for the degree of joint space narrowing on MRI.
19 Our study differs in the grading system used (based on the most severe chondral lesion rather than joint space narrowing), which may account for the lower intraobserver and intraobserver reliability. Furthermore, MRI assessment of overall joint space narrowing does not imply that the cartilage is eroded or takes into account focal chondral defects, which is important in influencing the need for surgical preservation of the joint. Use of joint space narrowing on radiographs provides an indirect assessment of cartilage thickness. On the other hand, MRI provides direct visualization and assessment of cartilage thickness and "bone-on-bone" focal chondral defects (►Fig. 1). Use of MRI for the evaluation of OA of the wrist has not yet been well established, although it is well known that MRI is more sensitive compared with radiography for detection of OA in the knee. 20 Radiographic changes of OA often occur later in degenerative joint disease. One longitudinal study of 224 patients reported 80 patients who developed chondral defects on MRI over a 30-month period, but did not demonstrate radiographic progression of OA. 21 In this study, radiographic changes had high specificity (91%) but low sensitivity (23%) for chondral loss detected on MRI. 21 The
Framingham Osteoarthritis Study showed that 492 out of 710 patients with no radiographic evidence of femorotibial OA (Kellgren-Lawrence grade 0) had either focal chondral defects or areas of diffuse partial or full thickness chondral loss on MRI.
22
Chan et al showed that MRI more frequently detects tricompartmental OA of the knee whereas radiographs and computed tomography (CT) only showed bicompartmental changes, mainly because of lateral compartment chondral loss that was not detected on radiographs or CT. 23 The authors proposed that this was due to coexistent medial compartment OA, which causes weight to be shifted medially, opening the lateral joint space. Thus, joint space narrowing on of radiolunate joints inspected. We concede several limitations to this study. There may have been inclusion bias as patients were selected based on findings of SLAC or SNAC arthritis on the original MRI reports, and a control group of patients was not included. Furthermore, all radiograph and MRI readers were aware that the patients had a diagnosis of either SNAC or SLAC arthritis. The number of patients in our study was relatively small, as reflected in the wide confidence intervals for the ORs. Our study also did not include arthroscopic or pathological correlation to confirm radiographic or MRI findings. Importantly, radiographic and MRI assessment of arthritic change was performed by separate observers, and thus our results may have differed if both modalities were evaluated by the same reviewer.
In conclusion, these findings, in addition to only moderate inter-and intraobserver reliability, suggest that radiographs should not be the diagnostic modality of choice when evaluating carpal OA. Given that MRI can more reliably assess articular cartilage loss than radiographs and is more likely to detect osteoarthritic changes, we recommend MRI be performed in the diagnostic workup and evaluation of patients with SLAC and SNAC arthritis.
